Background: There is insufficient evidence to determine whether acupuncture is a cost-effective treatment for irritable bowel syndrome. The objective of this study is to assess the cost-effectiveness of acupuncture as an adjunct to usual care versus usual care alone for the treatment of Irritable Bowel Syndrome (IBS).
social lives and emotional status [3] . IBS causes high level of absenteeism and impairs workplace functioning; the magnitude of impairment is directly related to severity and frequency of bowel symptoms [4] .
In the UK, patients with gastrointestinal symptoms are primarily seen by a GP. Of those diagnosed with IBS, approximately 20% are referred to a gastroenterologist or general physician and 9% to a surgeon [4] . Several studies have estimated the NHS costs associated with IBS [3, 5] . They have concluded that the direct and indirect costs associated with IBS are substantial. The cost driver is usually higher hospital inpatient episodes experienced by patients with IBS. The loss due to impaired productivity in the UK has also been estimated to be significant [6] mainly due to missed days of work which have been estimated to be between 1.53 [3] and 1.7 days per month [7] .
A Cochrane review supports the finding that conventional treatments for IBS are rarely effective in managing all of the symptoms associated with IBS [8] . Hence, there is a tendency of patients increasingly turning to complementary and alternative medicine [9] , one of them being acupuncture. There is insufficient evidence to determine whether acupuncture is an effective treatment for IBS [10] , and no evidence of cost-effectiveness from an NHS perspective. This paper reports the relative costeffectiveness of acupuncture for IBS, assessed as part of a pragmatic randomized controlled trial undertaken in the UK [11, 12] .
Methods

Study design, setting, participants and interventions
Details and clinical results of this trial are reported elsewhere (clinical paperunder submission). Briefly, 233 participants were recruited from primary care in the English NHS into a pragmatic randomised controlled trial of acupuncture for IBS. 116 were randomised to receive a short course of traditional acupuncture plus usual GP care and 117 to receive usual GP care alone. The treatment course of the acupuncture arm included up to 10 sessions over a three month period [13] .
The economic analysis assesses the relative costeffectiveness of adding acupuncture sessions to usual care compared with usual care alone for the treatment of IBS. A cost-utility analysis approach was adopted, where utility data are based on the EQ-5D questionnaire collected at three-monthly intervals from baseline to 12 months. The UK NHS perspective was taken [14] , where only costs directly linked to the NHS budget were included. The time frame of the analysis was one year; hence, no discounting was applied to costs or outcomes.
The outcomes of the analysis are presented as incremental costs per quality adjusted life year (QALY). Uncertainty around the estimates is presented as the probability that acupuncture added to usual care is costeffective for a range of values that decision makers are willing to pay for gaining one additional QALY, illustrated using as cost-effectiveness acceptability curves (CEACs).
Resource use data and outcome measures
NHS costs (GP and nurse visits, emergency and elective hospitalisations, outpatient attendances and contact with other NHS professionals) were included. Resource use data were collected from GP records. Data were collected for 15 months, which included three months before randomisation and the one year follow-up period of the trial. The prior period was used to assess the baseline consumption of health care resources. All contacts with health care professionals were recorded, not just those relating to IBS, but where IBS was documented in the patient notes this was recorded by the researcher. This allows the estimation of cost-effectiveness based on the disease specific resource consumption in addition to the overall consumption during the trial period. In addition, data were collected on the total number of acupuncture sessions attended by each patient allocated to the intervention arm.
For the outcome data, the EQ-5D instrument [15] was used to measure and value patients' health states. This was collected at baseline (at the point of enrolment of the participants in the trial) and at three, six, nine and 12 months post-randomisation. Patients completed the EQ-5D instrument via a postal questionnaire. EQ-5D captures health on five three-level domains: no problems, moderate problems or severe problems in mobility, self care, usual activities, pain-discomfort, and anxietydepression, resulting in 243 possible health states.
EQ-5D scores were converted to utility scores by using the social tariff based on preferences of the UK general population [16] . To calculate QALYs, the utility scores at each of the five time points were plotted and the area under the curve was estimated. This approach takes into account both the utility score at each time point and the duration of time between them, assuming that utility changes are linear from one time point to the next.
Unit costs
Unit costs were identified for four types of activities: those provided in primary care (GP and practice nurse), hospital based activity (outpatient clinics, emergency and elective admissions), other NHS professionals (hospital or community based) and acupuncture sessions. Information on unit costs was extracted from three sources: Unit costs of health and social care [17] , NHS reference costs [18] and NHS choices website [19] . Unit costs (at 2010 prices) are illustrated in Table 1 .
Analysis
EQ-5D scores and resource use data were missing for some patients. The base case analysis was conducted as a "complete case analysis" where only patients with available utility scores at all points and available costs were included.
An additional analysis was conducted by including all the patients that returned EQ-5D questionnaires for at least one time-point and had at least partial information on resource use. Missing EQ-5D scores were imputed based on a group of variables (age, treatment allocation and the utility scores of the patients at any time-point). The cost data for the patients who had partial information (e.g. they had left the GP surgery), were inflated based on the time for which the information was available. This was done in a linear fashion, assuming the cumulative costs would increase proportionally for the rest of the trial duration. For each of the scenarios, two analyses were conducted; first by including all costs irrespective of their nature, and second by including only the IBS-related costs. The differences in cost data are presented unadjusted and adjusted for baseline costs; the latter being either total or only IBS-related costs, depending on the nature of the analysis. QALY data were adjusted for baseline EQ-5D scores as recommended by Manca et al [20] .
For the cost-effectiveness analysis, the mean differences in costs and effects were estimated by using seemingly unrelated regressions and the 95% confidence intervals around those were estimated using bias corrected and accelerated (BCA) bootstrap methods. Analyses were conducted using STATA Version 10.1.
A pre-specified subgroup analysis was conducted based on baseline Symptom Severity Scores (SSS) [21] . Patients were grouped as mild (SSS = 75-175), moderate (SSS = 175-300) and severe (SSS =300+). Subgroup analysis was conducted using only complete cases and only for the total health care resource usage (not on the IBS-only costs).
Results
Missing data
Data were completely missing for 6 patients randomized in the acupuncture and 20 in the usual care arm. Of those, GP records could not be traced for 3 patients as they had left the surgery and no further information was available for them. 9 patients withdrew from the trial; hence their GP records were not accessed. The records of 14 patients were not available from the GP registry.
There was partial information on resource use for three patients (two in acupuncture and one in the usual care arm) as they left the GP surgery at some point after the trial initiation. This was at 8 and 11 months after the randomization date for two patients allocated in the acupuncture and one month after in the usual care arm.
There were missing utility scores for both arms of the trial. The number of missing utility scores, due to either missing questionnaires or missing domains in the EQ-5D questionnaire, was higher for the usual care arm for all the time-points. For the acupuncture, the range of missing utility scores was 2.6% at baseline to 18.1% at month nine. For the usual care arm, the rates of missing utility scores ranged from 2.6% at baseline to 30.8% at month six. Table 2 presents levels of resource use based on the available trial data. During the trial, participants in the acupuncture arm had a higher mean number of GP visits (6.7 vs. 5.9) and nurse visits (2.5 vs. 2) compared with usual care. Usual care patients had a higher number of emergency admissions but a lower number of outpatient clinic contacts compared with the acupuncture arm.
Resource use
Costs
A summary of costs based on the available trial data is presented in Table 3 .
Acupuncture patients had higher baseline costs compared to the usual care patients (£144 vs. £123) as well as during the trial (£600 vs. £574). The latter does not include the cost of acupuncture sessions. IBS related costs during the trial were also higher for the acupuncture patients (£91 vs. £61), again without including the cost of acupuncture sessions. Total costs during the trial (acupuncture sessions plus health care costs) were higher for the acupuncture group compared with usual care patients (£940 vs. £574), a difference of £366.
Health states
Mean utility scores by time point are presented in Table 4 . The baseline scores were lower for the acupuncture arm. At month 3, utility scores were higher for the usual care patients compared to those receiving acupuncture (0.78 vs. 0.74, difference adjusted for baseline scores of 0.0351) while at months 6 and 9 acupuncture was marginally better or no different from the usual care arm. At month 12, utility scores for the acupuncture patients were marginally worse than those for the usual care group. None of the differences reached conventional levels of statistical significance.
Cost-effectiveness analysis Base case analysis
The complete case analysis, based on all costs (IBS and non IBS related) demonstrated that acupuncture results in a QALY gain at 12 months of 0.0035 (BCA 95% CI: -0.0395 to 0.0465) for unadjusted and 0.0033 (BCA 95% CI: -0.0398 to 0.0462) adjusted for baseline costs (see Table 5 ). Acupuncture is more expensive than usual care resulting in incremental costs of £218.50 per patient (BCA 95% CI: 55.87 to 492.87) for unadjusted and £230.78 (BCA 95% CI:-34.52 to 496.08) for adjusted results. This leads to an incremental cost-effectiveness ratio of £62,429 (£69,933) per QALY gained based on unadjusted (adjusted) estimates. Figure 1 shows the incremental costs and QALYs. Figure 2 presents the probability that acupuncture is cost-effective for a range of maximum values that decision makers may be willing to pay for an additional QALY gained. At a value of £30,000 per QALY gained, often stated to be the borderline for the NHS [14] , acupuncture has a 40% probability of being cost effective. The analysis based on IBS-related costs only led to similar conclusions i.e. acupuncture is associated with higher costs and marginally better outcomes. The ICER in this case is around £137,000 per QALY for both adjusted and unadjusted results.
Multiple imputation analysis
The analysis based on the multiple imputation of missing outcome and cost data demonstrated that acupuncture is less effective and more costly (including all IBS and non-IBS related costs). Acupuncture costs £365.75 (BCA 95% CI: 362.91 to 368.60) for unadjusted for baseline values costs and £341.52 (BCA 95% CI: 339.00 to 344.03) for the adjusted costs, more than usual care. The difference in outcomes (acupunctureusual care) is −0.0064 (BCA 95% CI: -0.0069 to −0.0059), leading to usual care being a dominant option. The same conclusion is reached when the analysis is based on only IBS-related costs.
Subgroup analysis
The subgroup analysis demonstrated that usual care is dominant for mild and moderate cases of IBS patients, as acupuncture appears more costly and less effective than usual care. For severe cases of IBS (with an SSS symptom score of over 300), acupuncture appears more effective, although also more costly. The QALY gain is approximately 0.031 (−0.0588 to 0.1206) and incremental costs are between £198 and £232 (−34.52 to 496.08) (unadjusted and adjusted results). These lead to an incremental costeffectiveness ratio of £6,377 (£7,504) based on unadjusted (adjusted) results. The probability that acupuncture is cost-effective is slightly over 60% for willingness-to-pay values of £20,000 to £30,000 per QALY gained. This reflects the uncertainty around this result.
Discussion
Principal findings
Our base case analysis demonstrated that acupuncture is more costly and marginally more beneficial than the usual care alone. Incremental cost effectiveness ratios were within a range of £60,000 to £70,000 per QALY. Sensitivity analysis resulted in usual care being dominant for mild and moderate cases, but a subgroup analysis suggested acupuncture could be a cost-effective option for the patients with more severe IBS, as defined by the IBS SSS score.
Strengths and limitations
This study is the first economic evaluation of acupuncture for IBS patients based on a randomized controlled trial. The trial was pragmatic and the results have strong external validity and applicability to everyday clinical practice in the UK setting. Missing data limits slightly the validity of the results. However, the analysis was based on two different scenarios of handling missing data to test the robustness of the conclusions. The sensitivity analysis did reverse the direction of difference in outcomes, making the case that acupuncture is not a cost-effective option to be adopted in everyday practice even stronger. Another potential limitation of the study arises from the exclusion of medication costs in the economic analysis. As data on health resources consumption was extracted from the GP records, tracking down the medication usage was problematic. However, previous research has shown that the cost drivers are usually high inpatient episodes and consultations with the GP [3, 5] ; hence, the exclusion of medication costs is very unlikely to have changed the conclusions of this study.
Subgroup analysis, suggesting the possibility of acupuncture being cost-effective in more severe IBS patients, is informative but preliminary. The uncertainty around this result reflects the low sample size. There is a 60 per cent probability that treatment of this subgroup would meet NICE thresholds for cost-effectiveness.
Implications for clinical practice
The lack of notable benefit in terms of health utility from the treatment drives the main conclusions of this analysis. This trial does not support the use of acupuncture for IBS patients as an appropriate use of NHS resources. It is possible that acupuncture may be a cost-effective treatment option for patients with severe IBS, a group that is difficult to treat, with poor quality of life [22, 23] .
Recommendations for future research
The subgroup analysis suggested that acupuncture may be cost-effective for patients with severe IBS. This finding can assist in hypothesis building for further examination and analysis. For example, a trial which is powered to detect differences in outcomes for this subgroup of patients might be pertinent.
In addition, an economic model to extrapolate long term costs and effects would also be helpful in more clearly demonstrating the cost effectiveness or otherwise of acupuncture for this group of severe IBS patients, since the utilisation of health care resources over the long term could then be incorporated directly into the economic modelling approach and accounted for in the economic analysis.
Conclusions
Our principal finding is that acupuncture as an adjunct to usual care is not a cost-effective option for the whole IBS population. Preliminary analysis suggests that it it may be a cost-effective option for those with more severe irritable bowel syndrome.
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